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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 
Makoto OTSUKI, et al. 
Serial No.: 

Filed: December 29, 2000 



Group Art Unit: 
Examiner: 



For: DYNAMIC-PRESSURE BEARING AND SPINDLE MOTOR COMPRISING THE 
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PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, DC 20231 

Sir: 

Prior to examination of the above-referenced application, please amend the application as 
follows: 

IN THE CLAIMS: 

Claim 1, line 2, please delete "(2)". 
Claim 1, line 3, please delete "(3)". 
Claim 1, line 4, please delete "(2)". 
Claim 1, line 6, please delete "(5)". 
Claim 1, line 7, please delete "(2)". 
Claim 1, line 8, please delete "(3)". 
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Claim Mine 8, please delete "(5)". 
Claim 1, line 10, please delete "(2)" 
Claim 1, line 10, please delete "(3)". 
Claim 1, line 14, please delete "(2)". 
Claim 1, line 15, please delete "(3)". 
Claim 1, line 17, please delete "(5)". 
Claim 1, line 18, please delete "(5)". 
Claim 1, line 23, please delete "(7)". 
Claim 1, line 29, please delete "(6)". 
Claim 2, line 2, please delete "(7)". 
Claim 3, line 1, please delete "or 2". 
Claim 4, line 1, please delete "or 2". 
Claim 4, line 7, please delete "(6)". 

Claim 5, lines 1 and 2, please change "any one of claims 1 through 4" to —claim 1- 
Claim 6, line 2, please change "claims 1 through 5" to --claim 1—. 
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REMARKS 



The above-referenced application is amended to delete the multiple dependency of claims 
3-6 to avoid the multiple dependent claim filing fee. 
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Date: December 29, 2000 
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MCDERMOTT, WILL & EMERY 
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SPECIFICATION 



DYNAMIC-PRESSURE BEARING AND SPINDLE MOTOR COMPRISING THE 
SAME 

FIELD OF THE INVENTION 

The present invention relates to a hydrodynamic 
bearing and a spindle motor comprising the same. Such a 
spindle motor is used as a driving source for a magnetic 
recording apparatus such as a hard disk, or a bar code 
scanner, and the like. 

BACKGROUND OF THE INVENTION 

Important characteristics for a bearing of a spindle 
motor used for magnetic recording apparatus such as a hard 
disk, or a bar code scanner, etc. are wear and abrasion 
resistance, vibration resistance, stability of rotation, 
and the like. Particularly, when rotating members and 
fixed members of the bearing contact with each other due to 
vibration, rotation of the spindle motor becomes unstable, 
which in turn seriously influences reliability and 
durability of the bearing. In order to avoid this, a 
technology for enhancing the thrust rigidity of a bearing 
is in demand. 
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Fig. 6 shows a hydrodynamic bearing disclosed in 
Japanese Patent Kokai (A) Publication No. 69715/1999, which 
could be one of solutions for the above problem. In Fig. 6, 
a shaft 12 is fixed to a housing 11. A cylindrical member 
5 13 with a closed end on one side is fitted on an outer 
circumferential surface of the shaft 12 such that the 
cylindrical member 13 freely rotates. These two members 
form a bearing. A so called herringbone-shaped groove is 
formed on the outer circumferential surface of the shaft 12. 

10 

A rotor magnet 15 is attached to an outer periphery of 
the cylindrical member 13, and a stator 14 w T hich forms an 
electro-magnet is attached to the housing 11 so as to face 
the rotor magnet 15. As a coil wound around the stator 14 

15 is energized, attraction/repellence force is developed 
between the stator 14 and the rotor magnet 15, which in 
turn drives the spindle motor. With the cylindrical member 
13 rotating due to the driving force, relative motion 
between the outer circumferential surface of the shaft 12 

20 and a facing inner circumferential surface of the 
cylindrical member 13 (i.e., radial bearing portion) is 
developed, which generates a radial hydrodynamic pressure. 
Air is introduced by an effect of the herringbone-shaped 
groove formed on the outer circumferential surface of the 

25 shaft 12, and is guided to the area between the closed end 

/ 

/ 
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of the cylindrical member 13 and an upper surface of the 
shaft 12 (i.e./ thrust bearing portion), and applies a 
pressure. As a result, the cylindrical member 13 is lifted 
up relative to the shaft 12. 

5 

A ring-shaped thrust member 16 is disposed to an outer 
circumferential portion of the cylindrical member 13, while 
a thrust retaining member 17 is disposed to the housing 11 
at a position opposed to the thrust member 16. As the 

10 cylindrical member 13 is lifted up, the thrust member 16 
moves closer to the thrust retaining member 17, and a 
thrust hydrodynamic pressure is generated between the two* 
This thrust hydrodynamic pressure balances with the 
pressure generated at the thrust bearing portion, whereby 

15 the bearing rotates stably in a non-contact condition. 

However, in the case of the hydrodynamic bearing 
disclosed in Japanese Patent Kokai (A) Publication No. 
69715/1999, it is difficult to accurately adjust the 

20 ■ squareness of the thrust member 16 and a gap with the 
thrust retaining member 17 after the cylindrical member 13 
is inserted during assembly process. Further, since the 
thrust member 16 and the thrust retaining member 17 are 
additionally disposed, the structure becomes more complex, 

25 larger and heavier. 
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The purpose of the present invention is, therefore, to 
provide a bearing which solves the problem as described 
above, and which can be assembled into a simple structure 
5 with a high thrust rigidity and can obtain stable rotation. 

SUMMARY OF THE INVENTION 

According to the present invention, a groove or 
grooves are formed on either an outer circumferential 

10 surface of a shaft or an inner circumferential surface of a 
sleeve, and the groove develops a thrust force to cause the 
gap between the two members facing each other at the thrust 
bearing portion narrower, to thereby solve the problem 
mentioned in the above. Specifically, the present 

15 invention includes the following. 

That is, one aspect of the present invention is a 
hydrodynamic bearing comprising: a shaft; a sleeve being 
fitted on an outer circumferential surface of the shaft 

20 such that the sleeve freely rotates relative to the shaft; 
and a thrust plate being directly or indirectly attached to 
or integrated with either one of the shaft and said sleeve, 
and the thrust plate being faced with a plane perpendicular 
to an axis which is formed at one end of the other one of 

25 the shaft and the sleeve, wherein hydrodynamic pressure in 
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a radial direction is generated between an outer 
circumferential surface of the shaft and an inner 
circumferential surface of the sleeve (hereinafter referred 
to as "radial bearing portion"), and hydrodynamic pressure 
5 in a thrust direction is generated between the thrust plate 
and the plane perpendicular to said axis which is formed at 
said one end of the other member and is faced with the 
thrust plate (hereinafter referred to as "thrust bearing 
portion"), and the hydrodynamic bearing is characterized in 

10 that either one surface forming the radial bearing portion 
is provided with a groove or grooves for generating a 
thrust force in a direction making the two facing members 
at the thrust bearing portion closer to each other, and 
that either one of the surfaces facing each other at the 

15 thrust bearing portion is provided with a groove or grooves 
for generating hydrodynamic pressure in the thrust 
direction. 

Another aspect of the hydrodynamic bearing according 
20 to the present invention is characterized in that the 
groove formed in the radial bearing portion is a groove 
inclined with respect to the axis of the bearing or a 
herringbone-shaped groove. 

2 5 Yet another aspect of the hydrodynamic bearing 
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according to the present invention is characterized in that 
the upstream side of the radial bearing portion is shielded 
against outside atmosphere, and utilizing resultant 
negative pressure in the vicinity of the upstream of the 
radial bearing portion for enhancing the force in a 
direction urging the members forming the thrust bearing 
portion toward each other. 

Yet another aspect of the hydrodynamic bearing 
according to the present invention is characterized in that 
the radial bearing portion connected with outside 
atmosphere and the thrust bearing portion connected with 
outside atmosphere are formed contiguous to each other, and 
utilizing gas introduced at the radial bearing portion as a 
thrust pressure at the thrust bearing portion so as to 
eliminate the groove for generating the hydrodynamic 
pressure at the thrust bearing portion. 

Still another aspect of the hydrodynamic bearing 
according to the present invention is characterized in that 
the hydrodynamic bearing is a shaft rotation type. 

Further covered in the present invention is a spindle 
motor which comprises a hydrodynamic bearing according to 
the present invention. 



In the radial bearing portion, urging force is 
developed in a thrust direction which reduces a gap between 
the members forming the thrust bearing portion, and the 
5 urging force balances with the thrust pressure generated at 
the thrust bearing portion. This creates an effect that 
the thrust rigidity of the bearing is enhanced and a 
variation in thrust position is reduced. Hence, a 
hydrodynamic bearing according to the present invention is 
10 excellent in that the thrust rigidity is high, the 
resistant against vibration is strong, and the structure is 
simple and in turn easy to assemble. 

By utilizing the negative pressure generated as a 
15 result of shielding the radial bearing portion, it is 
possible to further intensify the force in the thrust 
direction to reduce the gap in the thrust bearing portion. 

In addition, as air introduced at the radial bearing 
20 portion is guided to the thrust bearing portion connected 
with the radial bearing portion, and preferably discharged 
to outside, it is possible to eliminate a process of 
forming a groove for generating the thrust hydrodynamic 
pressure in the thrust bearing portion by utilizing the 
25 pressure induced by the introduced air, . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a hydrodynamic 
bearing according to a preferred embodiment of the present 
invention; 

Fig. 2 is a cross sectional view of a hydrodynamic 
bearing according to another preferred embodiment of the 
present invention; 

Fig. 3 is a cross sectional view of a hydrodynamic 
bearing according to yet another preferred embodiment of 
the present invention; 

Fig. 4 is a cross sectional view of a hydrodynamic 
bearing according to yet another preferred embodiment of 
the present invention; 

Fig. 5 is a cross sectional view of a hydrodynamic 
bearing according to still another preferred embodiment of 
the present invention; and 

Fig. 6 is a cross sectional view of a spindle motor 
which uses a conventional hydrodynamic bearing. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, a groove or 
grooves inclined with respect to an axis are formed on one 
of surfaces defining a radial bearing portion of a 
hydrodynamic bearing, which is either an outer 
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circumferential surface of a shaft or an inner 
circumferential surface of a sleeve. Alternatively, a 
groove or grooves of a different type having a similar 
effect could be formed, as described later. Due to the 
5 effect of the groove, a thrust force which moves either one 
of the shaft and the sleeve axially relative to the other 
is developed* By utilizing the thrust force and thereby 
urging mutually facing members at a thrust bearing portion 
toward each other, stable bearing rotation is realized. 

10 The thrust bearing portion is structured to generate 
hydrodynamic pressure sufficient enough to surpass this 
thrust force, so that the bearing can rotate in a non- 
contact condition. More specifically, a groove or grooves 
for generating a thrust hydrodynamic pressure are formed on 

15 a surface of either one of the members facing each other at 
the thrust bearing portion. Alternatively, air may be 
guided from the radial bearing portion to the thrust 
bearing portion, thereby using the air as a pressure to 
keep the thrust bearing portion in a non-contact condition. 

20 

The first preferred embodiment of the present 
invention will be described by referring to the associated 
drawing. Fig. 1 shows a cross section of a bearing 
according to the first preferred embodiment. In Fig. 1, a 
25 sleeve 3 is fitted on a column-like shaft 2 in such a 



} > 

manner as the sleeve 3 can rotate relative to the shaft 2, 
A rotor 4 (only a portion thereof is shown in Fig. 1) is 
attached to the sleeve 3. In the structure shown in Fig. 1, 
the sleeve 3 and the rotor 4 rotate about the shaft 2. A 
5 thrust plate 5 is fixed to one end of the shaft 2, and a 
hydrodynamic-pressure groove (s) 6 denoted by the dotted 
line for generating a thrust hydrodynamic pressure is 
formed on an end surface of the sleeve 3 facing the thrust 
plate 5. A groove or grooves 7 inclined with respect to an 
10 axis are formed on an outer circumferential surface of the 
shaft 2, The groove 7 is faced with an inner 

circumferential surface of the sleeve 3. 



With respect to an operation of the bearing structured 
15 as described in the above, rotational drive force is 
developed between a rotor magnet (not shown in Fig. 1) 
attached to the rotor 4 and a stator (not shown in Fig. 1) 
disposed on a fixed member, and the rotational drive force 
causes the rotor 4 and the sleeve 3 to rotate about the 
20 shaft 2. Due to relative rotation between the outer 
circumferential surface of the shaft 2 and the inner 
circumferential surface of the sleeve 3, a radial 
hydrodynamic pressure is developed between the two. On the 
other hand, due to relative rotation of the sleeve 3 and 
25 the thrust plate 5, a thrust hydrodynamic pressure is 
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generated by the effect of the hydrodynamic-pressure 
groove (s) 6 of the thrust plate 5. As the result of both 
the radial hydrodynamic pressure and the thrust 
hydrodynamic pressure, the rotor 4 and the sleeve 3 rotate 
5 in non-contact condition against the shaft 2 and the thrust 
plate 5. 

As described in the above, the groove 7 inclined with 
respect to the axis is formed on the outer circumferential 

10 surface of the shaft 2. According to the first preferred 
embodiment shown in the Fig. 1, the sleeve 3 is structured 
so as to rotate counter-clockwise as viewed from the top. 
Further, the groove 7 is formed to run at an angle from the 
upper left-hand side toward the lower right-hand side on 

15 the front surface shown in Fig. 1. When the sleeve 3 is in 
rotation, because of the inclined groove 7, fluid such as 
air existing between the outer circumferential surface of 
the shaft 2 and the inner circumferential surface of the 
sleeve 3 flows from the upper left-hand side toward 'the 

20 lower right-hand side in Fig, 1, due to viscosity of the 
fluid. The flow of the fluid and the viscosity of the 
fluid develop thrust force to the sleeve 3, which urges the 
sleeve 3 downwardly against the thrust plate 5 as denoted 
by an arrow 8 in the drawing. This can be easily 

25 understood as screwing the sleeve 3 counter-clockwise into 



a left-hand screw defined along the groove 7 formed on the 
shaft 2. 

The thrust force urges the sleeve 3 against the thrust 
plate 5, whereby a gap in the thrust bearing portion is 
reduced. As described in the above, the hydrodynamic- 
pressure groove (s) 6 is formed in the thrust plate 5 and 
the thrust hydrodynamic pressure is therefore generated. 
The thrust hydrodynamic pressure balances with the thrust 
force, and the sleeve 3 and the thrust plate 5 consequently 
rotate close to each other in a non-contact condition, 
which in turn generates a high hydrodynamic pressure and 
enhances the rigidity of the thrust bearing portion. 

Although the foregoing has described that the radial 
groove 7 is formed on the outer circumferential surface of 
the shaft 2, the groove 7 may be formed on the inner 
circumferential surface of the sleeve 3. That is, as in 
the previous example, the inner circumferential surface of 
the sleeve 3 may have a left-hand threaded groove so that 
urging force of the direction shown by the arrow 8 is 
generated and a similar effect to the above can be achieved 

As the groove 7 is formed, fluid such as air is sucked 
at an upper part of the radial bearing portion in Fig. 1 
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and flows downwardly along the inclined groove 7. 
Therefore, in the case of the bearing having the structure 
shown in Fig. 1 wherein the radial bearing portion and the 
thrust bearing portion are contiguous to each other, the 
5 fluid flowing passed the radial bearing portion streams 
into the thrust bearing portion. As a result of this, the 
fluid contained to the thrust bearing portion acts as a 
pressure to pull the members forming the thrust bearing 
portion apart from each other, and hence, it may be 
10 possible to obtain enough thrust pressure even if the 
hydrodynamic-pressure groove 6 on the thrust plate 5 is 
eliminated. It would be more effective if this is realized. 

When the groove 7 is disposed to the sleeve 3, even if 
15 the groove is equally left-hand threaded, air is sucked 
from the lower part of Fig. 1 (thrust bearing portion) and 
is guided upwardly and discharged from the upper part of 
the radial bearing portion. Accordingly, a pressure as 
mentioned in the above to pull apart the thrust bearing 
20 portion is not created, and hence, the hydrodynamic- 
pressure groove 6 can not be eliminated in this case. 

Although the hydrodynamic-pressure groove 6 of the 
thrust bearing portion is formed in the thrust plate 5 in 
25 the above preferred embodiment, the hydrodynamic-pressure 
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groove 6 may be disposed to a bottom end surface of the 
sleeve 3 which is faced with the thrust plate 5. 

Now, the second preferred embodiment of the present 
5 invention will be described by referring to the associated 
drawing. Fig. 2 shows a cross section of a bearing 
according to the second preferred embodiment. In Fig. 2, 
the like elements as in Fig. 1 bear the like reference 
numerals* According to the second preferred embodiment, a 
10 cover 9 for shielding an upper part of the shaft 2 from 
outside air is disposed above the sleeve 3 in Fig. 2. The 
direction in which the rotor 4 and the sleeve 3 rotate is 
the counter-clockwise direction as in the case of the first 
preferred embodiment. 

15 

In the hydrodynamic bearing structured as described in 
the above, as the sleeve 3 rotates, fluid, such as air, 
flows in the radial bearing portion along the groove 7 of 
the shaft 2 from the upper part to the lower part in Fig-. 2, 

20 as described earlier. However, since the upper part of the 
sleeve 3 is sealed off with the cover 9, the flow of the 
fluid generates a negative pressure in the vicinity of the 
cover 9. Suction force induced by this negative pressure 
intensifies the urging force denoted by the arrow 8. Since 

25 the hydrodynamic-pressure groove 6 develops a thrust 
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hydrodynamic pressure surpassing this suction force at the 
thrust bearing portion, it is possible to obtain stable 
rotation with the thrust bearing portion keeping non- 
contact condition and maintaining the gap therein narrow. 

5 

In the second preferred embodiment as well, a groove 7 
may be formed on the inner circumferential surface of the 
sleeve 3. In such a case, as the sleeve 3 rotates, fluid 
is guided in the radial bearing portion from the lower part 

10 to the upper part in Fig. 1, and further, toward the thrust 
bearing portion which is connected with the radial bearing 
portion. However, since that thrust bearing portion is 
shielded with the cover 9, the fluid is compressed in the 
vicinity of the cover 9, which in turn may lead to an 

15 undesired air-cushion effect. By forming an opening 10 as 
denoted by the dotted line in the cover 9, the air-cushion 
effect may be avoided even in such a case. 

Further, in the second preferred embodiment as well, 
2 0 the groove for generating a hydrodynamic pressure at the 
thrust bearing portion may be formed in the bottom end 
surface of the sleeve 3 which is faced with the thrust 
plate 5, instead of on the thrust plate 5. 
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Now, the third preferred embodiment of the present 



invention will be described by referring to the associated 
drawing. Fig. 3 shows a cross section of a bearing 
according to the third preferred embodiment. In Fig. 3, 
the like elements as in Fig. 2 bear the like reference 
numerals. Further, the direction in which the sleeve 3 
rotates is also the counter-clockwise direction. In Fig. 3, 
the shaft 2 is fixed to the housing 1. The thrust plate 5 
is fixed to an end surface of the sleeve 3, covering a top 
end of the shaft 2 with the sleeve 3 fitted on the shaft 2 
for free rotation. The hydrodynamic-pressure groove 6 is 
formed on the surface of the thrust plate 5 which is 
opposed to a top end surface of the shaft 2. 

In the hydrodynainic bearing structured as described in 
the above, as the sleeve 3 rotates, fluid flows in the 
radial bearing portion along the groove 7 of the shaft 2 
from the upper part to the lower part in Fig. 3. However, 
since the upper part is shielded by the thrust plate 5 from 
outside atmosphere, a negative pressure is generated in *the 
vicinity of the thrust plate 5. This negative pressure 
generates thrust force which presses down the sleeve 3 
along the arrow 8, thereby reducing a gap of the thrust 
bearing portion between the thrust plate 5 and the top end 
surface of the shaft 2. The thrust bearing portion is 
structured so as to generate a thrust hydrodynamic pressure 
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surpassing this thrust force by the effect of the 
hydrodynamic-pressure groove 6. 

As denoted by the dotted line, the opening 10 may be 
5 formed in the thrust plate 5, so that outside air may be 
introduced into the thrust bearing portion through it. In 
this case, the negative pressure effect described above 
would not be developed. However, the screw effect due to 
the groove 7 formed on the outer circumferential surface of 
10 the shaft 2 remains effective. Therefore, a force pressing 
down the sleeve 3 along the arrow 8 serves to make the gap 
of the thrust bearing portion narrower. 

In the third preferred embodiment as well, the groove 
15 7 may be formed on the inner circumferential surface of the 
sleeve 3. That is, the inner circumferential surface of 
the sleeve 3 may be left-hand threaded, so that urging 
thrust force similar to the above along the direction of 
the arrow 8 is generated. In this case, fluid running 
20 along the groove is guided in the radial bearing portion 
from the lower part to the upper part in Fig. 3. By 
forming the opening 10 denoted by the dotted line, the 
fluid is discharged to outside through the thrust bearing 
portion connected with the radial bearing portion, after 
25 the fluid flows passed the radial bearing portion. Since a 
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pressure which lifts up the thrust plate 5 and the sleeve 3 
from the top end portion of the shaft 2 is generated at the 
thrust bearing portion, it may be possible to eliminate the 
thrust hydrodynamic-pressure groove in this case* It would 
be more effective, if this is realized. 

Although the hydrodynamic-pressure groove 6 of the 
thrust bearing portion is formed on the thrust plate 5 in 
this preferred embodiment above, the hydrodynamic-pressure 
groove 6 may be formed on the top end surface of the shaft 

2 which is faced with the thrust plate 5. 

Now, the fourth preferred embodiment of the present 
invention will be described by referring to the associated 
drawing. Fig. 4 shows a cross section of a bearing 
according to the fourth preferred embodiment, wherein the 
shaft 2 rotates unlike in the first through the third 
preferred embodiments in which case require the sleeve 3 to 
rotate. In Fig. 4, the like elements as in Figs. 1 through 

3 bear the like reference numerals. In Fig. 4, the thrust 
plate 5 is attached to the sleeve 3. The hydrodynamic- 
pressure groove 6 for generating a thrust hydrodynamic 
pressure is formed on the thrust plate 5. The shaft 2 
having the groove 7 on the outer circumferential surface is 
fitted on the sleeve 3 for free rotation. The rotor 4 is 
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fixed to the shaft 2, which allows the shaft 2 and the 
rotor 4 to rotate about the sleeve 3. The direction in 
which the shaft 2 and the rotor 4 rotate is the counter- 
clockwise direction as viewed from top, as in the precedent 
5 preferred embodiments. 

In the hydrodynamic bearing structured as described in 
the above, as the shaft 2 rotates, fluid flows from a lower 
portion toward an upper portion in Fig* 4 along the groove 

10 7. However, since the lower portion is shielded by the 
thrust plate 5 from outside atmosphere, a negative pressure 
is generated in the vicinity of the thrust plate 5. 
Suction force of the negative pressure generates force 
which presses down the shaft 2 along the arrow 8, thereby 

15 reducing a gap of the thrust bearing portion between the 
thrust plate 5 and the bottom end surface of the shaft 2. 
The thrust bearing portion is structured so as to generate 
a thrust hydrodynamic pressure surpassing the above 
generated force by the effect of the hydrodynamic-pressure 

20 groove 6. Further, due to a screwing effect created by the 
groove 7 formed in a left-hand screw manner, a force 
presses down the shaft 2 toward the thrust plate 5 is added. 

As denoted by the dotted line, an opening 10 may be 
25 formed in the thrust plate 6 to thereby introduce outside 
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air. In this case, while the effect caused by the negative 
pressure described above is not valid, the screw effect due 
to the groove 7 formed on the outer circumferential surface 
of the shaft 2 remains effective, which allows the force 
pressing down the shaft 2 as denoted by the arrow 8 to 
function, and hence, brings the gap of the thrust bearing 
portion closer. 

In this structure as well, the groove 7 may be formed 
on the inner circumferential surface of the sleeve 3, 
instead of forming the groove 7 on the outer 
circumferential surface of the shaft 2. That is, the inner 
circumferential surface of the sleeve 3 may be left-hand 
threaded, so that urging force along the arrow 8 similar to 
the above is generated. In this case, the fluid flowing 
along the groove is introduced at the upper part of the 
radial bearing portion and guided toward the lower part of 
the radial bearing portion in Fig. 4. By forming an 
opening 10 denoted by the dotted line, after the fluid 
flows passed the radial bearing portion, the fluid is 
discharged to outside through the thrust bearing portion 
connected with the radial bearing portion. With the 
diameter of the opening 10 appropriately selected, the 
pressure of the fluid generates force which lifts up the 
shaft 2 and the rotor 4 with respect to the thrust plate 5, 



and therefore, the thrust hydrodynamic-pressure groove may 
be eliminated. It would be more effective if this is 
realized. 

In the fourth preferred embodiment as well, as in the 
precedent embodiments, the hydrodynamic-pressure groove 6 
of the thrust bearing portion formed in the thrust plate 5 
may be formed on the opposing bottom end surface of the 
shaft 2. 

Now, the fifth preferred embodiment of the present 
invention will be described by referring to the associated 
drawing. Fig. 5 shows a cross section of a bearing 
according to the fifth preferred embodiment. Although it 
is structured that the shaft 2 rotates relative to the 
sleeve 3, this is different from the fourth preferred 
embodiment in that the thrust bearing portion is disposed 
in an upper part of the bearing in Fig. 5. In Fig. 5, the 
like elements as in Figs. 1 through 4 bear the like 
reference numerals. Further, the direction in which the 
shaft 2 rotates is the counter-clockwise direction, as in 
the case of precedent preferred embodiments. 

In the fifth preferred embodiment, the groove 7 
disposed to the shaft 2 is a so-called herringbone-shaped 



22 

groove , rather than an inclined groove as described in the 
other embodiments. An inclined groove and a herringbone- 
shaped groove are interchangeable with each other in all of 
the preferred embodiments. A herringbone-shaped groove is 
5 normally grooves which are inclined in two different 
directions, and defines a mountain-shaped apex at a portion 
where the two grooves meet each other. In Fig. 5, the 
location of the mountain-shaped apex is deviated from the 
axial center of the bearing portion. With respect to 

10 suction effect of fluid in the groove 7 formed in such a 
manner, a part of the groove occupying wider span in the 
axial direction demonstrates superior sucking effect to the 
other part of the groove. In short, in Fig. 5, the effect 
of the part of the groove formed in the left-hand screw 

15 direction at a lower axial part is superior. Hence, as the 
shaft 2 rotates counter-clockwise, the shaft 2 exerts 
urging force along the direction of the arrow 8 over the 
sleeve 3, thereby creating force of a direction which makes 
the gap of the thrust bearing portion narrower. 

20 

While the respective preferred embodiments of the 
present invention relate to the examples of an inclined 
groove and a herringbone-shaped groove, the groove may have 
other shape, such as a wave-like shape or a hook-like shape, 
25 so far as the groove subjects the shaft 2 and the sleeve 3 
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to a thrust effect relative to each other in a direction 
pressing one of the both thrust bearing members toward the 
other, and the groove having any other such shape would 
fall within the scope of the present invention. 

In the hydrodynamic bearing structured as described in 
the above, just like the precedent preferred embodiments 
exemplified before, the rotation of the shaft 2 generates a 
negative pressure in the vicinity of the lower portion of 
the shaft 2 which is shielded from outside air. Suction 
force induced by the negative pressure develops thrust 
force which presses down the shaft 2 along the arrow 8. 
Further, the left-hand screw effect of the herringbone- 
shaped groove similarly generates a force which presses 
down the shaft 2. At the thrust bearing portion, the 
hydrodynamic-pressure groove 6 generates a thrust 
hydrodynamic pressure surpassing these forces. Where the 
opening 10 denoted by the dotted line is disposed, the 
negative pressure effect described above is not generated. 
However, the downward pressing force along the arrow 8 due 
to the screw effect remains effective, whereby the gap at 
the thrust bearing portion is narrowed. 

The effect achieved by disposing the opening 10 
resides in that an simplification can be realized by 
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eliminating the hydrodynamic-pressure groove 6, due to the 
effect of the fluid sucked through the opening 10. The 
fluid sucked through the opening 10 flows to the radial 
bearing portion along the groove 7 and then to the thrust 
5 bearing portion connected with the radial bearing portion, 
and thereby generates the thrust fluid pressure which lifts 
up the thrust plate 5 from the top end surface of the 
sleeve 3. 

10 In this structure as well, the groove 7 may be formed 

on the inner circumferential surface of the sleeve 3, 
rather than forming on the outer circumferential surface of 
the shaft 2, to thereby generate downward pressing force 
along the arrow 8 similar to the above. In this case, air 

15 running along the groove 7 is introduced at the upper part 
of the thrust bearing portion and guided to the lower part 
of the radial bearing portion as viewed in the drawing, and 
therefore, an undesired air-cushion effect is created. 
With the opening 10 described above disposed, it is 

20 possible to avoid this cushion effect. 

Although the hydrodynamic pressure generating groove 6 
of the thrust bearing portion is formed in the thrust plate 
5 in the fifth preferred embodiment as well, the groove may 
25 be formed on the top end surface of the sleeve 3 opposing 
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to the thrust plate 5. 

In each one of the preferred embodiments above, fluid 
such as air is used to develop a hydrodynamic pressure at 
5 the bearing. The fluid herein referred to includes other 
gases for creating a particular atmosphere, such as inert 
gas and nitrogen gas, as well as liquids such as oil. 

<Practical Example 1> 
lo A performance was evaluated for the sleeve-rotation 

type bearing structured as shown in Fig. 1. 

Conditions were, rotor weight : 100 g, rotation 

speed : 12, 000 rpm, and the clearance : 4 pm. These 

conditions remain the same for the other examples shown 
15 below. 

The dimensions of the respective portions were, 
diameter of the radial bearing : 15 mm, length of the 
radial bearing : 20 mm, and diameter of the thrust plate : 
23 mm. 

20 The result of the evaluation for this example: 

Property 1 : Ratio of relative assembly time was 120 
(with excellent squareness of the axis end and the sleeve 
end) • 

Property 2 : Excellent rotation capability. Contact 
25 occurred at 5G. 
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<Practical Example 2> 

A performance was evaluated for the sleeve-rotation 
type bearing structured as shown in Fig. 3, 
5 The dimensions of the radial bearing portion were, 

diameter : 15 mm, and length : 20 mm. 

Property 1 : Ratio of relative assembly time was 120 
{with excellent squareness of the axis end and the sleeve 
end) 

10 Property 2 : Excellent rotation capability. Contact 

occurred at 10G. 

<Practical Example 3> 

A performance was evaluated for the shaft-rotation 
15 type bearing structured as shown in Fig. 4. 

The dimensions of the radial bearing portion were, 
diameter : 15 mm, and length : 2 0 mm. 

Property 1 : Ratio of relative assembly time was 100 
(with excellent squareness of the axis end and the sleeve 
20 end) 

Property 2 : Excellent rotation capability. Contact 
occurred at 9G. 

<Practical Example 4> 
25 A performance was evaluated for the shaft-rotation 
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type bearing structured as shown in Fig* 5. 

The dimensions of the radial bearing portion were, 
diameter : 15 mm, and length : 20 mm. 

Property 1 : Ratio of relative assembly time was 100 
(with excellent squareness of the axis end and the sleeve 
end) 

Property 2 : Excellent rotation capability. Contact 
occurred at 6G. 

<Comparison Example> 

A performance was evaluated for the conventional 
shaft-rotation type bearing with closed axis end structured 
as shown in Fig. 6. 

Property 1 : Ratio of relative assembly time was 200 
(with difficulty in adjustment) 

Property 2 : Excellent rotation stability. 
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CLAIMS 

1. A hydrodynamic bearing, comprising: 
a column-like shaft (2) ; 
5 a hollow cylindrical sleeve (3) being fitted on an 

outer circumferential surface of said shaft (2) so as to 
achieve relative rotation among the two; and 

a thrust plate (5) being directly or indirectly 
attached to or integrated with either one of said shaft (2) 
10 and said sleeve (3), which thrust plate (5) being faced 
with a plane formed at one end of the other one of said 
shaft (2) and said sleeve (3) perpendicular to an axis of 
the said bearing, 

wherein hydrodynamic pressure in a radial direction is 
15 generated at a radial bearing portion formed by an outer 
circumferential surface of said shaft (2) and an inner 
circumferential surface of said sleeve (3) , and 
hydrodynamic pressure in a thrust direction is generated at 
a thrust bearing portion formed by said thrust plate (5) 
20 and said plane which is faced with said thrust plate (5) 
and formed at said one end of said other member 
perpendicular to said axis, 

the hydrodynamic bearing is characterized in that 
either one of the surfaces forming said radial bearing 
25 portion is provided with a groove or grooves (7) which 
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generate a force in a thrust direction so as to make the 
two facing members at said thrust bearing portion closer to 
each other, and 

either one of the surfaces of said two facing members 
5 at said thrust bearing portion is provided with a groove or 
grooves (6) which generate hydrodynamic pressure in said 
thrust direction, 

2. The hydrodynamic bearing of claim 1, wherein said 
10 groove (7) formed in said radial bearing portion is either 

a groove inclined with respect to said axis, or a 
herringbone-shaped groove. 

3. The hydrodynamic bearing of claim 1 or 2, wherein 
15 an upstream side of said radial bearing portion is shielded 

against outside atmosphere, and 

a resultant negative pressure developed in the 
vicinity of said upstream side of said radial bearing 
portion is utilized for enhancing said force in a thrust 
20 direction of bringing the two facing members forming said 
thrust bearing portion closer to each other. 

4. The hydrodynamic bearing of claim 1 or 2, wherein 
the radial bearing portion connected with outside 

25 atmosphere and the thrust bearing portion connected with 
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outside atmosphere are formed contiguous to each other, and 
utilize gas introduced at said radial bearing portion for a 
thrust pressure at said thrust bearing portion, whereby 
said groove (s) (6) for generating the hydrodynamic pressure 
at said thrust bearing portion is eliminated* 

5. The hydrodynamic bearing of any one of claims 1 
through 4, wherein the hydrodynamic bearing is structured 
as a shaft-rotation type. 



6. A spindle motor comprising the hydrodynamic 
bearing of claims 1 through 5. 



ABSTRACT 

A bearing having a high thrust rigidity, an excellent 
vibration resistance, and a simple structure, as well as a 
spindle motor using such a bearing are provided. A groove 
or grooves 7 are disposed to either one of a shaft 2 and a 
sleeve 3 which form a radial bearing portion, to thereby 
exert thrust force in a direction which brings two mutually 
facing members at a thrust bearing portion closer to each 
other. The groove 7 is inclined with respect to an axis, 
and the inclination exerts, between the shaft 2 and the 
sleeve 3, thrust force in a thrust direction. The groove 7 
may be herringbone-shaped or other type of groove which can 
generates such thrust force. It is also possible to 
further enhance the thrust force utilizing a negative 
pressure, with an upstream side of the radial bearing 
portion for introducing fluid such as air shielded from 
outside air. 



09/720671 



* , » » 

1/3 



Fig. I 




3/3 
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